Several prospective Western observational studies have shown that alcohol use generally has a U-shaped association with cognitive function, such that moderate alcohol users usually have better cognitive function than never users (1-3), although there have been exceptions-for example, where the association was nonsignificant in a relatively small sample (4) . However, observational study designs are susceptible to residual confounding (5, 6) and cannot disentangle the true effects of alcohol from apparent effects generated by the clustering of several unmeasured healthier attributes in moderate alcohol users (7) . Replication of observational results in populations with a different confounding structure may strengthen the likelihood of a causal association between exposure and outcomes (6, 8) . There are few studies of moderate alcohol use and cognition from non-Western settings. In 2 large cross-sectional studies from southern China, which has a different social pattern of moderate alcohol use than Western settings, we found occasional rather than moderate alcohol use (compared with never use) to be associated with better cognitive function (9, 10) , suggesting that observed effects are not biologically driven by alcohol. Another study from China found that moderate alcohol use impaired cognitive function (11) . It is not ethical to conduct large randomized controlled trials assessing the effect on cognitive function of increasing alcohol use from negligible or low levels to moderate levels, given the carcinogenicity of alcohol and its association with accidents, and such studies are also impractical, given prevalent alcohol use (12) . A Mendelian randomization design, using gene(s) randomly allocated at conception as an instrumental variable, provides an alternative approach which is less vulnerable to confounding than observational studies (13) .
Mendelian randomization has previously been proposed as a way to verify the causal role of moderate alcohol use in a suitable population where a gene, such as aldehyde dehydrogenase 2 (ALDH2), affects alcohol consumption (13) (14) (15) . People with inactive ALDH2 alleles flush and feel discomfort following alcohol use because of acetaldehyde exposure. Southern Chinese men are particularly suitable for a Mendelian randomization study of alcohol use based on ALDH2, although polymorphisms in other genes, such as aldehyde dehydrogenase (ADH), may be suitable in other populations. Inactive alleles of ALDH2 are common in East Asia. Among southern Chinese men, alcohol use is generally low to moderate (16, 17) , it is socially acceptable for men to abstain from alcohol or use it only on special occasions (16, 17) , and ALDH2 genotype influences alcohol use (14, 15) . In contrast, among southern Chinese women, alcohol use is much more constrained by social convention (18) . Considering these unique characteristics of southern Chinese men, we used a Mendelian randomization study design in the Guangzhou Biobank Cohort Study (GBCS), with ALDH2 genotype as an instrumental variable for alcohol use, to assess whether moderate alcohol use was causally protective of cognitive function among men. We also assessed the same association using a traditional observational design for comparison.
MATERIALS AND METHODS

Participants
The GBCS is a collaboration between Guangzhou No. 12 Hospital and the universities of Hong Kong (Hong Kong, China) and Birmingham (Birmingham, United Kingdom) (19) Participants underwent a detailed interview and physical examination at baseline. The methods of measurement have previously been reported (19) . Alcohol use was recorded in terms of frequency, type of beverage, and usual amount per occasion. Cognitive function was assessed using a test from a test battery developed for the Consortium to Establish a Registry for Alzheimer's Disease (20) . The Consortium tests cover general cognitive function, confrontational naming, semantic fluency, constructional ability, and new learning ability. We used the test of new learning ability (10-word list learning task). Four words in this test were taken from the original English-language test (21): ''arm,'' ''letter,'' ''ticket,'' and ''grass.'' ''Pole,'' ''shore,'' ''cabin,'' and ''engine'' were replaced with ''corner,'' ''stone,'' ''book,'' and ''stick'' as in the adapted Consortium 10-word list learning task (21) , and ''butter'' and ''queen'' were replaced by ''soy sauce'' and ''chairman'' because they were more culturally appropriate. During the learning phase, the 10-word list was read out to the participant, who was then asked to recall immediately the words he or she remembered; this was repeated 3 times. After a 5-minute period of distraction, during which the interview was continued, the participant was then asked to recall as many of the 10 words as he or she was able, giving the delayed recall score out of 10. The adapted Consortium 10-word list learning task has been validated as a culturally and educationally sensitive tool for identifying dementia in population-based research in developing countries (21) .
In phase 3, we additionally used the Mini-Mental State Examination (MMSE), a test of general cognitive function covering orientation, attention, memory and recall, and language (22) . Three of the 11 tasks in the original MMSE were modified to be culturally appropriate and consistent with other adaptations for Chinese populations (23) . Orientation in place was adapted according to geographic divisions of China and screening setting to ''country,'' ''province,'' ''city,'' ''hospital,'' and ''floor.'' In the 3-word registration and recall, ''table'' and ''penny'' were replaced by ''newspaper'' and ''train,'' while the third word remained as ''apple,'' to ensure that all 3 words were frequently used 2-character Chinese words. The modified MMSE has the same scale as the original MMSE (23); hence, the psychometric properties of the measures should be similar. In addition, the modified MMSE has been used before (10, 24, 25) . The Guangzhou Medical Ethics Committee of the Chinese Medical Association approved the study, and all participants gave written, informed consent before participation.
DNA extraction and analysis of single nucleotide polymorphisms
Biologic samples for DNA extraction used in the present study were obtained in GBCS phase 3 at baseline and in phases 1 and 2 at follow-up. DNA was extracted at Guangzhou No. 12 Hospital, either at baseline from fresh blood using a standard phenol-chloroform extraction procedure and stored at -80°C or from blood or buffy coat previously stored at -80°C using a standard magnetic bead extraction procedure. Genotyping was performed using the MassARRAY system (Sequenom, San Diego, California) and the iPLEX assay (Sequenom) at a commercial company (Beijing CapitalBio Corporation, Beijing, China).
Exposures
We used ALDH2 genotype (AA, GA, or GG), identified by single nucleotide polymorphism rs671, as an instrumental variable for alcohol use because the association of ALDH2 genotype with alcohol use was nonlinear. Results of an initial analysis were similar using an additive model for ALDH2 genotypes.
Alcohol use
Alcohol use was considered as the number of alcohol units (10 g ethanol) consumed per day and was based on total consumption, obtained from the frequency, quantity, and type(s) of beverage recorded at baseline; infeasible quantities (>30 alcohol units/day) were excluded. Former alcohol users were included as nondrinkers (0 alcohol units/day), because former alcohol users may have abstained from alcohol because of poor health unrelated to former alcohol use; excluding them could create a bias. Moreover, many former users in this study reported having previously been very infrequent alcohol users (i.e., once or twice a year), unlike the ''sick quitters'' in Western populations, who are mainly former heavy users (26) . Mean previous alcohol use among former drinkers was 1.0 alcohol units per day, with a few former drinkers reporting heavy previous alcohol use (11%) and most former drinkers (75%) reporting occasional previous alcohol use. As previously, we also created an alcohol category defined among men as never user, occasional user (<1 occasion per week, often only once or twice per year), moderate user (weekly and 210 g ethanol per week), heavy user (weekly and >210 g/week), or former user (10, 17) .
Outcomes
The outcomes were delayed 10-word recall score (out of 10) for all 3 phases of the study and MMSE score (out of 30) for phase 3 only.
Statistical analysis
We tested for Hardy-Weinberg equilibrium at the single nucleotide polymorphism locus on a contingency table of observed-versus-predicted frequencies with an exact test. We used analysis of variance to assess the associations of ALDH2 genotypes with alcohol consumption. We used chi-square tests to assess whether ALDH2 genotypes and alcohol categories were associated with potential confounders, such as socioeconomic position, lifestyle, hypertension, or diabetes. For the Mendelian randomization design, we used 2-stage least squares analysis, with ALDH2 genotype (AA, GA, or GG) as an instrumental variable. The first step predicted alcohol units from ALDH2 genotypes, and the second step assessed the association of alcohol units with delayed 10-word recall and MMSE scores. Alleles of ALDH2 randomly allocated at conception are unlikely to determine (and hence confound) subsequent socioeconomic position or lifestyle, although alcohol use could affect smoking (27); we only adjusted the 2-stage least squares regression for potential confounders associated with ALDH2 genotype. We used the Hausman test to assess whether the 2-stage least squares estimates differed from unadjusted ordinary least squares estimates (28) . For comparison, we also present the adjusted associations derived from multivariable linear regression models in a traditional observational design. We adjusted these multivariable linear regression models for age (in 5-year groups), education, physical activity, longest-held occupation, and smoking status, as categorized in Table 1 , but we did not adjust for household income, hypertension, or diabetes, since those factors did not alter the estimates (29) . We also repeated the 2-stage least squares and multivariable linear regression analyses firstly after excluding all heavy alcohol users and secondly after excluding all former alcohol users. All statistical analyses were conducted using Stata 10.1 (StataCorp LP, College Station, Texas).
RESULTS
Of the 8,450 men in phases 1, 2, and 3 of GBCS, 5,606 had biomaterials available for DNA extraction. We only had biomaterials for phase 1 and 2 participants who returned for follow-up by the end of 2010. Of these 5,606 men, 4,986 had viable DNA, of whom 4,707 (56% of all men in GBCS) had complete information on ALDH2 genotype, alcohol use, and delayed 10-word recall score. Of the 2,569 men in phase 3 of GBCS, 2,284 (89% of all men in GBCS phase 3) had complete information on ALDH2 genotype, alcohol use, and MMSE score. For the observational multivariable linear regression, 7,934 men (94%) had complete information on alcohol category, confounders, and 10-word recall score, while 2,458 men (96%) in phase 3 had complete information on alcohol category, confounders, and MMSE score. ALDH2 genotypes had distributions consistent with Hardy-Weinberg equilibrium. Genotype frequencies were similar in samples from recruitment phases 1 and 2 follow-up (AA ¼ 8.0%, GA ¼ 41.0%, and GG ¼ 51.1%) and samples from phase 3 baseline (AA ¼ 9.0%, GA ¼ 42.4%, and GG ¼ 48.5%). Table 1 shows that ALDH2 genotype was not associated with socioeconomic position, lifestyle, hypertension, or diabetes. ALDH2 genotype was strongly associated with alcohol consumption, such that men with 2 active ALDH2 alleles (GG) consumed 10 times as much alcohol per day as men with 2 inactive alleles (AA). The variance in alcohol use explained by ALDH2 was 3%, which is typical for Mendelian randomization studies (30) . Table 2 shows that the main alcoholic beverage consumed by the men was rice wine. Table 2 also shows that alcohol consumption category was associated with socioeconomic position, lifestyle, and hypertension. Compared with never users, occasional alcohol users were younger, more educated, more likely to have a manual job, more likely to smoke, more physically active, and less likely to have hypertension. Moderate alcohol users were less educated and more likely to smoke but similar to never users in other respects.
ALDH2 genotype was a valid instrumental variable for alcohol consumption, with an F statistic from 2-stage least squares of 71.0. An F statistic greater than 10 or 11 suggests an adequate instrumental variable with a low risk of bias due to a weak instrument, because the F statistic is inversely related to the relative bias (bias of instrumental variable analysis:bias of observational analysis) (31) . Table 3 shows that under the Mendelian randomization design, alcohol was not associated with delayed 10-word recall score or MMSE score. Estimates from 2-stage least squares were not different from those obtained using unadjusted ordinary least squares, as indicated by the Hausman P value. Using multivariable linear regression in an available case analysis, alcohol was not associated with higher delayed 10-word recall score or MMSE score. Exclusion of former alcohol users did not change the estimates. However, when heavy users were excluded, alcohol was associated with a higher delayed 10-word recall score but not with MMSE score.
DISCUSSION
Using a Mendelian randomization study design in southern Chinese men, among whom alcohol use is generally low to moderate, we found that low-to-moderate alcohol use was c Health-enhancing physical activity was defined as vigorous activity achieving at least 1,500 MET-minutes per week on at least 3 days per week or activity achieving at least 3,000 MET-minutes per week on all 7 days of the week.
d Hypertension was defined as systolic blood pressure >140 mm Hg/diastolic blood pressure >90 mm Hg, previous diagnosis of hypertension, or use of antihypertensive medication.
e Diabetes was defined as fasting glucose level >7 mmol/L, previous diagnosis of diabetes, or use of antidiabetic medication. Abbreviations: IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalent. a Two-sided P value from a v 2 test. b Low-strength Chinese rice wine is <38% ethanol, while high-strength Chinese rice wine is !38% ethanol. c Manual occupations comprised agricultural workers, factory workers, salespeople, and service workers; nonmanual occupations comprised administrators/managers, professional/technical workers, and military/disciplined personnel.
d Health-enhancing physical activity was defined as vigorous activity achieving at least 1,500 MET-minutes per week on at least 3 days per week or activity achieving at least 3,000 MET-minutes per week on all 7 days of the week.
e Hypertension was defined as systolic blood pressure >140 mm Hg/diastolic blood pressure >90 mm Hg, previous diagnosis of hypertension, or use of antihypertensive medication.
f Diabetes was defined as fasting glucose level >7 mmol/L, previous diagnosis of diabetes, or use of antidiabetic medication.
not associated with cognitive function. Our novel analytic approach adds to the literature by suggesting that the previously observed positive association of moderate alcohol use with cognitive function may be socially driven, perhaps by residual confounding, rather than biologically driven by alcohol (1, 2, 32). Although we used a Mendelian randomization design, which has properties similar to those of a randomized controlled trial (13) , there were some limitations. First, in our population, the pattern of alcohol use was different from that in Western settings. The range of alcohol use was mainly low to moderate. Hence, we could not investigate the effect of heavy alcohol use on cognitive function. However, the harms of heavy alcohol use are already known (12) . Nevertheless, alcohol use among men in this study had the expected positive associations with blood pressure and high density lipoprotein cholesterol level (17) . Second, this was not a representative sample, although the disease prevalence was similar to that of a population-representative sample in China (19) . In addition, we only had samples from men recruited in phases 1 and 2 if they returned for follow-up. However, ALDH2 genotype frequencies were similar for those available from phases 1 and 2 and those available from phase 3. Furthermore ALDH2 genotypes were not associated with socioeconomic position or lifestyle. Nevertheless, participants returning for follow-up might have been healthier. Mendelian randomization, similar to randomized controlled trials, is less susceptible to confounding because the genes used as instrumental variables are unlikely to be systematically related to sociodemographic characteristics or lifestyle (13) , and hence the estimates remain relatively unbiased within this study. Third, we only had data from a one-time measurement of cognitive function, making reverse causality a possibility in the observational analysis but not for Mendelian randomization analysis (33) . Fourth, although it is possible that ALDH2 genotypes could directly affect cognitive function irrespective of alcohol use due to pleiotrophy or linkage disequilibrium, there was no association of ALDH2 genotype and cognitive function in never/occasional users in either sex (data not shown), consistent with a South Korean longitudinal study (34) . Fifth, results from the Mendelian randomization and observational analysis were similar. However, that does not negate the value of a Mendelian randomization design, since an observational analysis is inevitably open to residual confounding that could bias estimates toward the null as well as away from the null. A similar pattern of associations was also observed when alcohol use was considered in categories in an observational design in this study (10) . Lastly, given 3% of the variance in alcohol use being explained by ALDH2, our study only had sufficient power to detect an effect size of approximately 0.3 (35) , which is 0.56 words for the delayed 10-word recall and a score change of 0.79 for the MMSE; thus, we cannot rule out the possibility of small benefits of alcohol on cognitive function, although the clinical significance is uncertain.
Several traditional observational studies in Western settings have observed better cognitive function among moderate alcohol users (1-3), but there are exceptions (4, 36) . In contrast, in an understudied population with a different confounding structure, we found no association of moderate alcohol use with cognitive function using 2 complementary study designs, as confirmed by the Hausman test (Table 3 ). The discrepancies could be due to failure to adjust fully for confounding factors, such as socioeconomic position, lifestyle, health status, or cognitive potential, which are cognitively protective and difficult to assess comprehensively. Moreover, with aging and ill health, moderate alcohol users may be increasingly heavily selected healthy users as compared with never users, leading to apparently greater benefits of moderate alcohol use in older people (37) . In Western settings, moderate alcohol users usually have a higher socioeconomic position, a healthier lifestyle, better health status, and possibly greater cognitive potential than other users (7, 36, 38, 39) . Moreover, in these settings, regardless of the definition, moderate alcohol users usually have better cognitive function than abstainers (40) . This suggests that the association is not biologically driven, because different doses of alcohol would be expected to have different effects if alcohol were the causal agent. Our study, which was potentially less biased than a traditional observational design (13), did not show moderate alcohol use to be positively associated with cognitive function. From a public health perspective, alcohol use appears to play little role in protecting cognitive function and should not be promoted as such. These findings also demonstrate that causality should be thoroughly verified in a variety of settings using different kinds of evidence, including experimental or genetic studies, rather than relying on simple observations in a particular setting.
